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TITLE 



Process For Making Poly (trimethylene terephthalate) 
Bulked Continuous Filaments, The Filaments Thereof 
5 And Carpets Made Therefrom 

FIELD OF THE INVENTION 

This invention relates to the process for 
manufacturing bulked continuous filaments of 
10 poly (trimethylene terephthalate) , to the resulting 

filaments and to carpets made from the bulked filaments. 



BACKGROUND OF THE INVENTION 

Carpets which are resistant to staining by 
15 common food dyes are currently in high demand. In order 
to be stain-resistant, nylon carpets must either be 
treated with a stain-resist chemical or the nylon fibers 
must have a stain-resist agent incorporated within the 
polymer. 

20 However, carpets made from polyester fibers have the 

benefit of the natural stain-resistant properties of 
polyester. Polyester carpets are commonly made from 
filaments of poly (ethylene terephthalate). These carpets 
may have poor crush resistance (also called pile height 

25 retention) and poor texture retention (i.e., the yarns in 
the tuft tips unravel with wear) . Carpets may develop a 
*~ matted appearance in areas of high foot traffic. 

Polyester carpets have also been made from 
filaments of poly (butylene terephthalate). While these 

30 carpets may have improved resistance to crushing vs. 

carpets of poly (ethylene terephthalate), the carpets may 
exhibit poor initial texture and poor texture retention. 

It would therefore be useful to have a polyester 
carpet which has natural, built-in stain-resistance and, 

35 at the same time, adequate texture retention and 
resistance to crushing. 



1 
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SUMMARY OF THE INVENTION 

One embodiment of the present invention is a 
carpet made from bulked continuous filament (BCF) yarn of 
poly (trimethylene terephthalate) . The carpets have built- 
5 in stain-resistance and a texture retention and resistance 
to crushing which is superior to that of carpets made from 
similar BCF yarns of poly (ethylene terephthalate) or 
poly (butylene terephthalate). 

The carpets of this invention are tufted with 

10 crimped ply-twisted yams made from multiple bulked 

continuous filaments having randomly spaced 3-dimensional 
curvilinear crimp, a boil off bundle crimp elongation 
(BCE) (as later defined herein) between 20-95 percent and 
a shrinkage (as later defined herein) from 0 to 5 percent. 

15 The filaments are made from poly (trimethylene 

terephthalate) having an intrinsic viscosity between about 
0.6 to 1.3. 

A second embodiment of this invention is the 
poly (trimethylene terephthalate) BCF yarn used to make the 

20 carpets of this invention. The bulked continuous filament 
yarns of this invention have an intrinsic viscosity 
between 0.6 to 1.3, a boil off BCE between 20 to 95 
percent, a shrinkage from 0 to 5 percent, a denier per 
filament between 4 and 25 and a total denier between 700 

25 and 5000. Tenacity is in the range of 1.2 to 3.5 grams 
per denier (gpd) and break elongation is between 10 to 90 
percent, preferably 20 to 70 percent. 

A third embodiment of this invention is the 
prbcess for manufacturing the BCF yarn. The overall 

30 process comprises the steps of: 

a) extruding molten poly (trimethylene terephthalate) 
polymer at a temperature between 245° C to 285° C through 
a spinneret to form filaments, said poly (trimethylene 
terephthalate) polymer having an intrinsic viscosity in 

35 the range of 0.6 to 1.3 and a water content of less than 
.100 ppm by weight; 

b) cooling the filaments by means of air flowing 
perpendicularly to the filaments at a velocity in the 
range of 0.2 to 0.8 m/sec. ; 
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c) coating the filaments with a spin finish; 

d) heating the filaments to a temperature greater 
than the glass transition temperature of the filaments , 
but less than 200° C prior to drawing the filaments; 

5 e) drawing the filaments between a set of feed rolls 

and a set of draw rolls to a draw ratio high enough that 
the break elongation of the drawn filaments is between 10 
to 90%, the temperature of the draw rolls being from 120° 
to 200° C; 

10 f ) feeding the drawn filaments from the draw rolls at 

a speed of at least 800 m/min. to a bulking unit in which 
the filaments are blown and deformed in three dimensions 
with hot bulking fluid having a temperature at least as 
high as that of the draw rolls to form bulked continuous 

15 filaments having randomly spaced curvilinear crimp; 

g) cooling the bulked continuous filaments to a 
temperature less than the glass transition temperature of 
the filaments; and 

h) winding up the filaments at a speed at least 10% 

2 0 lower than that of the draw rolls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of an embodiment 
of this invention wherein a heated feed roll is used to 
25 raise the temperature of the filaments above the glass 
transition temperature prior to drawing. 

Fig. 2 is a schematic diagram of an embodiment 
of this invention wherein a steam draw assist jet is used 
to preheat the filaments prior to drawing. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 illustrates a method for manufacturing 
bulked continuous filaments of poly (trime thy lene 
terephthalate) . Poly (trimethylene terephthalate) polymer 

3 5 having an intrinsic viscosity of 0.6 to 1.3, preferably 

0.8 to 1.1 and a water content less than about 100 ppm is 
extruded at a temperature between 245° to 285° C through 
spinneret 10 to form filaments 12 which are pulled by feed 
roll 14 through quench chimney 16 where the filaments are 

3 
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cooled by a radial flow or cross flow of gas, typically 
humidified air at a temperature between 10° to 30° C and 
at a velocity between 0.2-0,8 m/sec. Prior to feed rolls 
14, a spin finish is applied to the filaments by finish 
5 applicator 18. 

It is critical that the filaments be at a 
temperature above their glass transition temperature (Tg) 
and below 200° C prior to drawing. Non-uniform drawing 
and yarn breakage results when drawing below the Tg. 

10 Above 200° C is too close to the yarn melting point to 
effectively orient the molecules. The glass transition 
temperature of poly (trimethylene terephthalate filaments 
varies between about 35°-50° C depending upon the moisture 
content of the filaments, the exact polymer composition 

15 and processing conditions such as quenching. In the 

process shown in Fig. 1, feed rolls 14 may be heated to a 
temperature between the glass transition temperature and 
200°C in order to heat the filaments for drawing. In an 
alternate embodiment, feed rolls 14 may be at room 

20 temperature and a heated draw pin (not shown) , located 
between the feed rolls and draw rolls 22 may be used to 
heat the filaments to a temperature between the filament 
glass transition temperature and 200° C prior to drawing. 

A preferred embodiment is shown in Fig. 2 where 

25 a hot fluid draw assist jet 32 is used to heat the 

filaments to a temperature between their glass transition 
temperature and 200° C. The hot fluid may be air or 
steam. When a steam jet is used, a large amount of finish 
is removed from the filaments and it is necessary to apply 

30 a post draw finish with applicator 34. 

Filaments then pass over optional change of 
direction pin 20 and then draw rolls 22 which are 
maintained at a temperature between 120° to 200° C to 
promote annealing. The temperature must be at least about 

35 120° C in order to heat the yarn for bulking. Heating the 
yarn above about 200° C may cause it to melt onto the hot 
rolls. The draw ratio of the filaments is controlled by 
adjusting the speeds of the feed rolls and/or the draw 

4 
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rolls until the break elongation of the filaments is 
between 10 to 90 percent, preferably 20-70%. This 
typically corresponds to a draw ratio between about 3 to 
4.5. 

5 The draw rolls 22 deliver the filaments to a jet 

bulking unit 24 such as that described in United States 
Patent No. 3,525,134 (the disclosure of which is hereby 
incorporated by reference) where the filaments are blown 
and deformed in three directions with hot bulking fluid 

10 such as air or steam. The hot fluid must be at a 
temperature of at least that of the draw rolls 22, 
preferably between 120° to 220° C. 

The resultant bulked continuous filament (BCF) 
yarn, having randomly spaced 3-dimensional curvilinear 

15 crimp, is then cooled below the glass transition 

temperature of the filaments while the yarn is in a state 
of approximately 0 gpd tension so as not to pull out a 
significant amount of crimp. Cooling may be accomplished 
by a variety of commercially available means. In a 

20 preferred embodiment, the BCF yarn is ejected from bulking 
unit 24 onto a rotating drum 26 having a perforated 
surface through which air is suctioned. To aid in 
cooling, an optional mist quench 28 of water may be used. 
Filaments then pass 

25 over roll 30 and are wound up at a speed of at least 10% 
less than that of the draw rolls. The wind-up speed is 
kept at least about 10% less than that of the draw rolls 
because running at a higher speed would cause crimp 
development to decrease and yarn shrinkage to increase. 

30 in the bulking unit described in United States 

Patent No. 3,525,134, the filaments are both bulked and 
entangled. When other bulking units are used, a separate 
entangling step may be necessary prior to wind up. Any 
method common in the trade may be used to entangle the 

35 yarn. 

Combining the spinning, drawing and texturing 
steps into a single process as described in the preceding 
embodiments offers high productivity and gives a uniform, 

5 
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reproducible yarn. Of course the steps described above 
may also be used in a split process as well. 

The bulked continuous filament yarns of this 
invention have an intrinsic viscosity between 0.6 to 1.3, 
5 a boil off BCE between 20 to 95 percent, a shrinkage from 
0 to 5 percent, a denier per filament between 4 and 25 and 
a total denier between 700 and 5000. Tenacity is in the 
range of 1.2 to 3.5 gpd and break elongation is between 10 
to 90 percent , preferably 20 to 70 percent. Although 

10 these BCF yarns are particularly useful in carpets, their 
end uses could also include upholstery and wall covering. 
The yarns have excellent bending recovery (as defined in 
the Test Methods below) of at least 65% while BCF yarn of 
poly (ethylene terephthalate) has a recovery less than 

15 about 40% and BCF yarn of poly (butylene terephthalate) is 
less than about 60%. Bending recovery is indicative of 
how well a yarn can bounce back to its original geometry 
after a load has been removed. The higher the percent 
recovery, the more the yarn is able to return to its 

20 original geometry. In the case of carpet, high bending 
recovery implies good crush resistance (pile height 
retention) . 

In addition to their superior bending 
properties, the random 3-dimensional curvilinear crimp BCF 

25 yarns of the present invention are especially useful in 

carpets due to the nature of the crimp. These curvilinear 
crimped yarns have high crimp permanence. Yarns having 
other forms of crimp such as asymmetrically quenched 
helical crimp, may have a low crimp regeneration force (or 

30 crimp permanence) so that crimp' is permanently pulled out 
during normal carpet manufacturing steps. Little 
curvilinear crimp is permanently pulled out of the yarns 
of this invention during carpet manufacture. Also, yarns 
having random 3-dimensional curvilinear crimp are unable 

35 to stack on top of each other. Non-randomly crimped yarns 
can stack on top of each other (sometimes referred to as 
"follow the leader"). This stacking causes there to be 
less bulk in the resulting carpet pile and thus more yarn 
is required to provide a desired cover. 

6 
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Carpets made from the BCF yarns of this 
invention may be made in any of the manners known to those 
skilled in the art. Typically, a number of yarns are 
cable twisted together (about 3.5 to 6.5 twists per inch) 
5 and heat set (about 270° to 290° F) in a device such as 

an autoclave, suessen or Superba(R) and then tufted into a 
primary backing. Latex adhesive and a secondary backing 
are then applied. Cut pile style carpets having a pile 
height between about 0.25 to 1 inches or loop pile style 

10 carpets having a pile height between about 0.125 to 0.375 
inches can be made with these BCF yams. Typical carpet 
weights are between about 25 to 90 ounces per square yard. 

Surprisingly, carpets of this invention have 
superior texture retention (as defined in the test method 

15 below) of at least 4.0 and pile height retention (as 
defined, in the test method below) of at least 90%, 
preferably at least 95%, and a stain rating of at least 
4.0. Carpets of similar construction and yarns except of 
poly (ethylene terephthalate) have texture retentions less 

20 than 3.5 and pile height retentions less than 90% with a 
stain rating of about 3.5. Carpets of similar 
construction and yarns except of poly (butylene 
terephthalate) have texture retention less than 2.0 and 
pile height retention less than 90% with a stain rating of 

25 about 4. 

Test Methods 

Intrinsic Viscosity 

This is the viscosity of a 0.32 percent by 
30 weight solution of polyester polymer or yarn in a mixed 
solvent of 25 parts trif luoroacetic acid and 75 parts 
methylene chloride (volume/volume) measured in an Ostwald- 
Cannon-Fenske series 50 viscometer at 25° C. 

35 Boil Off Bundle Crimp Elongation (BCE^ 
# Bundle crimp elongation (BCE) is the amount a 

boiled-off, conditioned yarn sample extends under 0.10 
grams/denier tension, expressed as percent of the sample 
length without tension. In the boil-off procedure, a yarn 

7 
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sample length of about 1 meter is coiled in a relaxed 
condition into a 10 cm diameter perforated can, and then 
immersed for three minutes in rapidly boiling water at 
H)0° C. The sample and can are then removed from the 
5 water and dipped into and out of room temperature water to 
cool the sample. The sample is then centrifuged to remove 
excess water, dried in a hot-air oven at 100° to 110° C 
for one hour and then conditioned for at least an hour 
prior to measurement of BCE. 

10 A 50 cm. length (LI) of the test sample in a 

relaxed condition is mounted in a vertical position. The 
sample is then extended by gently hanging a weight on the 
yarn to produce a tension of 0.10±0.02 gram/denier. The 
extended length (L2) is read after the tension has been 

15 applied for at least three minutes. BCE, in percent, is 
then calculated as 100 (L2-L1)/L1. Results are normally 
reported as averages of three tests per sample. 

Shrinkage 

20 Shrinkage is the change in extended length of 

yarn or fiber which occurs when the yarn or fiber is 
treated in a relaxed condition in boiling water at 100° C. 
To determine continuous filament yarn shrinkage, a piece 
of conditioned yarn sample is tied to form a loop of 

25 between 65 and 75 cm length. The loop is hung on a hook 
on a meter board and a 125-gram weight is suspended from 
the other end of the loop. The length of the loop is 
measured to give the before boil-off length (LI) . The 
weight is then removed from the loop. The sample is 

30 loosely wrapped in an open-weave cloth (e.g., cheese 
cloth), placed in 100° C boiling water for 20 minutes, 
removed from the water, centrifuged, removed from the 
cloth and allowed to hang-dry at room conditions prior to 
undergoing the usual conditioning before further 

35 measurement. The dried > conditioned loop is then rehung 
on the meter board, the 125-gram weight is replaced, and 
the length of the loop measured as before to give the 
after boil-off length (L2). The yarn shrinkage, expressed 
as a percent, is then calculated as 100 (L1-L2)/L1, and as 

8 
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reported herein is the average of three such measurements 
for a given yarn. 

Bending Recovery 
5 This test provides information on the recovery 

property of fiber. The technique used is described by 
Prevorsek, Butler and Lamb ( Tex. Res. J. February, 1975, 
PP. 60-67) . In this test, the yarn is hung over a wire of 
0.003 inch diameter under a load of 800 mg on each end 
10 of the yarn for 60 seconds. The test is performed at 24° C 
and at 57% relative humidity (RH) . The filament is then 
removed and the amount of "recovery" is immediately 
measured. A value of 0 degrees would be no recovery. A 
value of 180 degrees corresponds to complete recovery. 

15 

Staining Test 

A sample approximately 6 inches by 6 inches is 
cut from a carpet. A staining agent of hot (about 50° C) 
coffee is used. The carpet sample is placed on a flat, 

20 non-absorbent surface; 20 ml of the coffee staining agent 
is poured onto the sample from a height of 12 inches above 
the carpet surface and the sample is then left undisturbed 
for 24 hours. To confine the stain, a cylinder of 
approximately 2 inches in diameter may be placed on the 

25 carpet and the staining agent may be poured through it. 

Excess stain is blotted with a clean white cloth 
or clean white paper towel or scooped up as much as 
possible. Blotting is always performed from the outer 
edge of the spill towards the meddle to keep the spill 

3 0 from spreading. Cold water is applied with a clean white 
cloth or a sponge over the stained area, gently rubbing 
against the pile from left to right and then reversing the 
direction from right to left. The excess is blotted. 

A detergent cleaning solution (15 g of TIDE 

35 detergent mixed in 1000 ml of water and allowed to reach 
room temperature prior to use) is applied with a clean 
white cloth or sponge directly on the stain, gently 
rubbing the pile from left to right and then reversing 
direction from right to left. The entire stain is treated 
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all the way to the bottom of the pile and then the 
blotting is repeated. 

The cold water treatment is repeated, and the 
carpet is blotted thoroughly to remove the stain and the 
5 cleaning solution. 

The cold water and detergent cleaning steps are 
repeated until the stain is no longer visible or until no 
further progress in removing the stain can be achieved. 
The carpet is blotted completely to absorb all the 
10 moisture. 

The stain resistance of the carpet is visually 
determined by the amount of color left in the stained area 
of the carpet after this cleaning treatment. The scale 
used is 
15 5=no staining 

4=slight staining 

3=noticeable staining 

2=considerable staining 

l=heavy staining. 

20 

Texture Retention 

The texture retention data are obtained by 
subjecting the test carpets to 11,000 cycles of human 
traffics and visually determining a rating based on the 

25 degree of matting versus a set of control samples. The 
texture retention is reported on a scale of 1 to 5 with a 
rating of 5 corresponding to an untested control sample, 4 
corresponding to a lightly worn sample, 3 to a moderately 
worn sample, 2.5 to the turning point from acceptable to 

30 unacceptable wear, 2 corresponding to clearly unacceptable 
wear, and 1 corresponding to an extremely matted sample. 

. Pile Height Retention 

The percent pile height retention is 100 times 
35 the ratio of the pile height of carpet tufts after 11,000 
traffics to the pile height of the carpet tufts before 
traffics. 



10 

5/26/2005, EAST Version: 2.0.1.4 



WO 96/00808 



PCT/US95/07759 



EXAMPLES 

Example 1 

Poly (trimethylene terephthalate) polymer having 
5 an intrinsic viscosity of 0.90 and less than 50 ppm 

moisture was spun through a 160 hole spinneret into two 
segments, each of 80 filaments having a trilobal cross 
section with a modification ratio (MR) of 1.7. The 
polymer temperature before the spinning pack was 

10 controlled at about 260°±1° C and spinning throughput was 
335 grams per minute. The molten filaments were then 
rapidly quenched in a chimney, where cooling air at 10° C 
was blown past the filaments at 300 cubic ft./min (0.236 
cubic m/sec) . The filaments were pulled by an unheated 

15 feed roll rotating at a surface speed of 630 yd./min 
through the quench zone and then were coated with a 
lubricant for drawing and crimping. The coated yarns were 
passed through a steam draw jet, a post draw jet finish 
applicator and onto a pair of heated draw rolls which 

20 rotated at 2177 yd./min (3.45 X draw ratio). The 

temperature in the draw jet was 200° C and the draw roll 
temperature was 180° C. The yarns were then forwarded into 
a dual -impingement bulking jet (195° C hot air) , similar 
to that described in Coon, U.S. Patent No. 3,525,134, to 

25 form two 1200 denier, 15 denier per filament (dpf) bulked 
continuous filament yarns. Yarns had a shrinkage=2.44%, 
tenacity=2 . 08 grams per denier (gpd) , elongation=20. 5%, 
modulus=53.68 gpd and a boil off BCE=57.6%. 

Before determining bending recovery, the yarns 

30 were ply twisted (4x4) and heatset in an autoclave at 
280° F. Bending recovery data are shown on Table I. 

Example 2 (comparative) 

A commercial grade poly (ethylene terephthalate) 
35 polymer, code 1914F available from Du Pont, was spun into 
1200 denier, 15 dpf, 1.7 MR trilobal cross section yarn 
using the process described in Example 1 except that no 
post draw jet finish application was necessary. The 
spinning (290° C) , draw roll (190° C) and bulking jet 

11 
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(220° C) temperatures were also higher than in Example 1 
due to the higher melting temperature of poly (ethylene 
terephthalate) versus that of poly (trimethylene 
terephthalate) . The yarn had a shrinkage=4 . 11% , 
5 tenacity=3.63 gpd, elongation=27.8%, modulus=45.90 gpd and 
a boil off BCE=66.3%. 

Bending recovery data for the ply twisted, 
heatset yarns are shown in Table I. 

10 Example 3 ( comparative) 

A commercial grade poly(butylene terephthalate) 
polymer, RYNITE 6131 available from DuPont, was spun into 
1200 denier, 15 dpf, 1.7 MR trilobal cross section yarn 
using the process described in Example 1 except without 

15 the steam heated draw assist jet and post draw jet finish 
application. The spinning temperature was slightly lower 
(247° C) due to the lower polymer melting temperature. 
Yarn had a shrinkages . 04%, tenacity=2.79 gpd, 
elongation=12 . 8, modulus=43 . 07 gpd, and a boil off 

20 BCE=74.6% 

Bending recovery data for the ply-twisted 
heatset yarns are shown in Table I. 

Table I 

25 Sample Recovery 

Example 1 119.4 

Example 2 71.3 

Example 3 107.9 



3 0 The data in Table I. show that the 

poly (trimethylene terephthalate) BCF yarns of Example 1 
have greater bending recovery than the yarns of Example 2 
[poly (ethylene terephthalate)] or Example 3 [poly (butyl ene 
terephthalate)]. Therefore, the yarns of Example 1 should 

35 have better pile height retention (crush resistance) in 
carpets . 



12 
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Example 4 

The test yarns produced in Examples 1, 2 and 3 
were cable twisted 4x4 twist per inch, autoclave heatset 

* 5 at 280° F and tufted into 5/8 inch pile height, 40 oz. per 
square yard cut pile carpets on a 1/8 inch gauge tufting 
machine. The carpets were Beck dyed in medium blue 
color with disperse dyes* The carpets made from yarns of 
Examples 1 and 2 had good pin point tuft definition. 

10 Carpet made from yarns of Example 3 had very poor tuft 
definition. It looked like a felt instead of saxony 
carpet. The texture retention, pile height retention and 
staining test results are shown in Table II. 

15 • Table II 





Texture 


Pile Height 


Stain 


Carpet yarn 


Rating 


Retention 


Ratina 


Example 1 


4.0 


97% 


4.5 


Example 2 


3.4 


89% 


3.5 


Example 3 


2.0 


89% 


4.0 



Surprisingly, carpets made from the 
poly (trime thy lene terephthalate) BCF yarns of Example 1 
25 have significantly better texture retention and pile 
height retention than carpets of either poly (ethylene 
terephthalate) (Example 2) or poly (butylene terephthalate) 
(Example 3) yarns. 
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We claim: 

1. A process for the production of 
poly (trime thy lene terephthalate) bulked continuous 
filaments comprising the steps of: 

5 a) extruding molten poly (trime thy lene 

terephthalate) polymer at a temperature from 245° C to 
285° C through a spinneret to form filaments, said 
poly (trimethy lene terephthalate) polymer having an 
intrinsic viscosity in the range of 0.6 to 1.3 and a water 
10 content of less than 100 ppm by weight; 

b) cooling the filaments in a quench 
chimney by means of air flowing perpendicularly to the 
filaments at a velocity in the range of 0.2 to 0.8 m/sec; 

c) coating the filaments with a spin 

15 finish; 

d) heating the filaments to a temperature 
greater than the glass transition temperature of the 
filaments, but less than 200° C prior to drawing the 
filaments; 

20 e) drawing the filaments between a set of 

feed rolls and a set of draw rolls to a draw ratio high 
enough that the break elongation of the drawn filaments is 
between 10 to 90%, the temperature of the draw rolls being 
from 120° to 200° C; 

25 f) feeding the drawn filaments from the 

draw rolls at a speed of at least 800 m/min. to a bulking 
unit in which the filaments are blown and deformed in 
three dimensions with hot bulking fluid having a 
temperature at least as high as that of the draw rolls to 

30 form bulked continuous filaments having randomly spaced 
curvilinear crimp; 

g) cooling the bulked continuous filaments 
to a temperature less than the glass transition 
temperature of the filaments; 

35 h) winding up the filaments at a speed at 

least 10% lower than that of the draw rolls. 

2. The process of claim 1 wherein the filaments 
are heated for drawing by a heating means located between 
the feed rolls and the draw rolls and wherein the 

14 
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temperature of the feed rolls is less than the glass 
transition temperature of the filaments. 

3. The process of claim 2 wherein said heating 
means is a hot fluid jet. 
5 4. The process of claim 3 wherein the hot fluid 

is steam and further comprising the step of coating the 
drawn filaments with a post draw finish prior to feeding 
the drawn filaments to a bulking unit. 

5. The process of claim 2 wherein said heating 
10 means is a heated draw pin. 

6. The process of claim 1 wherein the filaments 
are heated for drawing by setting the temperature of the 
feed rolls to a temperature greater than the glass 
transition temperature of the filaments, but less than 

15 200° C. 

7. The process of claim 1 wherein the filaments 
are drawn to a draw ratio high enough that the break 
elongation of the filaments is between 20 to 70%. 

8. The process of claim 1 wherein the 

20 temperature of the bulking fluid is between 120° to 
220° C. 

9. The process of claim 1 wherein prior to wind 
up the bulked continuous filaments are cooled below the 
filament glass transition temperature on a rotating drum 

25 having a perforated surface through which air is 
suctioned. 

10. The process of claim 1 further comprising 
the step of entangling the bulked continuous filaments 
after the filaments have been cooled below their glass 

30 transition temperature and prior to wind up. 

11. A yarn comprising a plurality of bulked 
continuous filaments having randomly spaced 3-dimensional 
curvilinear crimp, wherein said filaments are of 
poly(trimethylene terephthalate) having an intrinsic 

35 viscosity between 0.6 and 1.3 and wherein said filaments 
have a total denier between 700 and 5000, a denier per 
filament between 4 

and 25, a boil off BCE between 20 and 95% and a shrinkage 
from 0 to 5 percent. 
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12. The yarn of claim 11, wherein said filaments 
have a tenacity between 1.2 and 3.5 gpd. 

13. The yarn of claim 12, wherein said filaments 
have a break elongation between 10 and 90 percent. 

5 14. The yarn of claim 13, wherein said filaments 

have a break elongation between 20 and 70 percent. 

15. A carpet comprising tufts of crimped ply- 
twisted yarns, said yarns containing multiple bulked 
continuous filaments having randomly spaced 3-dimnsional 

10 curvilinear crimp, wherein said filaments are of 

poly(trimethylene terephthalate) having an intrinsic 
viscosity between about 0.6 and 1.3, a boil off BCE 
between 20-95% and a shrinkage from 0 to 5 percent. 

16. The carpet of claim 15, wherein said yarn 
15 has a denier between about 700 and about 5000. 

17. The carpet of claim 16, wherein said 
filaments have a denier per filament of about 4 to about 
25. 

18. The carpet of claim 17, wherein said yarn 

20 has a ply twist level between about 3.5 to about 6.5 turns 
per inch. 

19. The carpet of claim 18, wherein said carpet 
has a weight between about 25 to about 90 oz./sq. yd. 

20. The carpet of claim 19, wherein said carpet 
25 is a cut pile style carpet having a pile height from 0.25 

to 1 inch. 

21. The carpet of claim 20 wherein said carpet 
is a loop pile style carpet having a pile height from 
0.125 to 0.375 inches. 

30 
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